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A B S T R A C T
This research developed a composite migration history score, using data on birth
places of subjects, and their parents and grand parents, and the length of residence in
US from 390 overweight Mexican American women. The derived migration history
score is validated through a factor analysis of the nine dimensional migration history
variables. The importance of this methodology of defining migration history score for
epidemiological research is discussed in the context of studying the role of migration
-related health behavior changes and their consequent impact on risks of untoward
health outcomes in migrants.
Introduction
Mexican Americans are the fastest
growing minority population of the Uni-
ted States1. As a group, they are also at
greater risk of morbidity and mortality
than the general United States popula-
tion2. Of even more of concern is that they
are experiencing a rise in the prevalence
of risk factors for coronary heart disease3.
Thus, factors associated with risks of
morbidity and mortality in the Mexican
Americans have been of significant inter-
est in public health policy statements as
well as research4,5.
Studies in Mexican Americans have
shown that healthy behavior (such as
physical activity, moderate alcohol con-
sumption, tobacco avoidance, weight con-
trol and regular sleeping habit) is corre-
lated with improved physical health6 and
has a positive influence on survival in
middle-aged as well as elderly men and
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women7. Consequently, unhealthy behav-
iors are major factors contributing to an
increased risk of cardiovascular diseases
in Mexican Americans8,9. In addition,
there is a literature, largely separate
from the one mentioned above, showing
that health behaviors change in response
to adaptation to the host culture among
immigrants10–13. Some authors14 attribu-
ted these migration-history-related chan-
ges of health behaviors to stresses accom-
panying the process of »acculturation«
into a larger society. Thus, a question can
be raised as to whether: 1) the high prev-
alence of chronic disease risk factors in
Mexican Americans is directly associated
with their history of immigration (i.e.,
this ethnic association is a consequence of
migration-related stress) independently
of their health behaviors, or 2) the differ-
ences in chronic disease risk factors by
immigration history are mediated through
differences in health practices among
subjects with different history of immi-
gration (as measured by a composite sco-
re of migration status).
Answers to such epidemiological re-
search questions depend upon use of an
objective and readily useable question-
naire that would collect reliable and valid
migration history information. This re-
search demonstrates that by implement-
ing a simple demographic questionnaire,
data collected on birth places of subjects
and their immediate ancestors along with
the length of residence and generation of
migration can yield a composite migra-
tion history score that is useful for epide-




Migration history information used in
this investigation was collected as a part
of the baseline data from an ongoing
study of the University of Texas, Hous-
ton, Health Science Center and Baylor
College of Medicine, entitled »Unidos en
Salud: Weight loss for Mexican Ameri-
cans«. »Unidos en Salud« was initiated in
1993, at which time 390 Mexican-Ameri-
can women aged 18 to 65 years old were
recruited from several communities in
southern Texas along the US/Mexico bor-
der. Only non-diabetic, non-pregnant wo-
men, who had body mass index (BMI)
from 25 to 40 kg/m2 (i.e., were overweight),
were enrolled in the study. Other details
of the sampling design of the weight loss
study are described in Poston et al.15.
Migration history variables
Data used for the present analysis
was collected at the time when the sub-
jects were recruited for the weight-loss
study. Therefore, the study design is cross
-sectional. Trained bilingual research as-
sistants administered a demographic
questionnaire, validated for Mexican
American populations, to each subject.
Participants had the opportunity to be in-
terviewed in either English or Spanish.
Migration history data includes birth-
place of subject, parents and grandpar-
ents (Mexico- vs. US-born), and length of
time in the US. In addition to the number
of years of residence in the US, this last
item also classified subjects as immi-
grants of the first, second, and third-or
-more generations. Thus, for each subject
a nine dimensional migration history in-
formation was obtained. These question-
naires also contained data on language
preference (e.g., language preferred during
watching television, listening to radio,
reading newspaper, etc.). However, data
collected on these later items resulted in
a number of methodological problems. For
example, opportunities for exposure to al-
ternative languages for these activities
were not noted for the community, and
furthermore, the responses to the lan-
guage preference questions were also in-
ternally inconsistent. These lead to the
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decision not to use the language prefer-
ence dimension as a part of scoring the
migration history status of subjects.
Statistical analyses
Only one of the nine dimensions of the
migration history variables (namely, the
length of residence in the US) was contin-
uous, while all remaining eight compo-
nents were categorical. Because of ex-
treme skewness of this continuous varia-
ble, length of residence was categorized
in 3 classes (< 5 yrs, 5–9 yrs, and  10
yrs.). Along with the frequency distribu-
tions of these nine categorical variables,
nonparametric correlations (Spearman’s
) were computed for all pairs of variables
to check their interdependence with one
another. The factor analysis program of
SPSS 9.1 software package was used
with the option of varimax rotation to ex-
tract the factors from the nine dimen-
sional migration history variables. The
summary result of this factor analysis
was contrasted with an alternative defi-
nition of a composite migration history
score for the purpose of validation.
Results
Frequency distributions
The univariate frequency distribu-
tions of the nine migration history vari-
ables are shown in Table 1 with a scoring
system, following the methods of Cantero
et al.16 and Markides et al.17. As seen
from these distributions, country of birth
item was missing for several subjects,
particularly for the grandparental gener-
ation (e.g., 66 missing data for father’s fa-
ther’s country of birth). To examine if this
introduced any systematic bias, the fre-
quency distributions of Table 1 were re-
computed for the complete records (n =
303), which were not significantly differ-
ent from the ones shown. This suggests
that missing items represent a random
loss of information, and not a source of
any systematic bias.
As seen from these distributions, ma-
jority of the women (86.9%) had been re-
siding in the Starr County for 10 or more
years, and over 69% of them are 3rd or
more generation immigrants. About two
-third or more of the subjects and their
parents are born in the US, and only a lit-
tle over one-half of the grand parents are
born outside the US (mostly in Mexico).
Definition of the composite score of
migration history
Markides et al.17 and Cantero et al.16
used the summed score of components of
migration information as the composite
score of migration history. Their rationale
was high internal reliability (approxi-
mately 96%). A simple summed score is
statistically unjustifiable in the present
analysis, since two of the components
(years of residence and immigration sta-
tus) have three categories, while the re-
maining six have two categories for each.
Thus, a simple sum would have placed
more emphasis on the first two. Further-
more, for 87 of the 390 subjects, data on
at least one item was missing. The follow-
ing method is therefore better suited for
defining a composite migration history
score. First, each component is standard-
ized with mean zero and unit (1.0) stan-
dard deviation. For each individual, the
average of the standardized scores from
all available items defines the composite
migration history score (MHS). This max-
imizes the number of subjects for whom
the MHS variable can be defined, without
introducing any systematic bias, as
shown from the homogeneity of distribu-
tions in the full data and in the ones with
complete information.
Figure 1 shows the cumulative distri-
bution plot of this composite score of mi-
gration history. Also depicted in this fig-
ure are the tertiles of the distribution of
this score that define the three categories
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of migration history: recent (lowest ter-
tile = score less than of equal to –0.17), in-
termediate (middle tertile = score be-
tween –0.17 and 0.60), and long-term
(highest tertile = score above 0.60).
Validation of the composite migration
history score
Two methods of validation were used
to justify the use of the above composite
score. First, nonparametric correlation
coefficients (Spearman’s ) were compu-
ted between all pairs of components of
migration-related variables. Spearman’s
 was used, as eight of the nine items are
discrete. Table 2 shows these nonpara-
metric correlation coefficients among all
pairs of the nine-item migration history
variables.
All 36 pairwise correlation coefficients
are significant at p < 0.01 level. However,
the correlations of years of residence with
the remaining eight variables are some-
what weaker (0.143 to 0.311). The corre-
lation coefficients between the remaining
eight variables are comparatively much
stronger ( between 0.405 to 0.967). The
high and nearly equal correlation be-
tween components supports the notion
that probably each component is equally
important in characterizing migration
history.
These high correlations also prompted
the extraction of the first principal factor
from the nine migration-history related
components. The first factor, obtained
from the factor analysis (with varimax ro-
tation), with an eigenvalue of 5.505 ex-
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TABLE 1
MIGRATION HISTORY VARIABLES, SCORES ASSIGNED TO EACH CATEGORY AND THE
FREQUENCY DISTRIBUTION OF SUBJECTS
Item Category Score Frequency (%)
Years of residence < 5 years 0 21 (5.4)
5–9 years 1 30 (7.7)
 10 years 2 339 (86.9)
Immigration status 1st generation 0 109 (27.9)
2nd generation 1 11 (2.8)
 3rd generation 2 270 (69.2)
Birthplace of subjects Mexico/other 0 109 (27.9)
USA 1 281 (72.1)
Father Mexico/other 0 127 (33.6)
USA 1 251 (66.4)
Mother Mexico/other 0 145 (37.8)
USA 1 239 (62.2)
Father’s father Mexico/other 0 177 (53.8)
USA 1 152 (46.2)
Father’s mother Mexico/other 0 180 (54.2)
USA 1 152 (45.8)
Mother’s father Mexico/other 0 192 (55.8)
USA 1 152 (44.2)
Mother’s mother Mexico/other 0 192 (54.9)
USA 1 158 (45.1)
plained over 61% of the total variance.
The next component accounted for only
11% of the variance. The scree plot sug-
gested that one factor suffices the sum-
marization of the nine item migration
history variables. The coefficients of the
component matrix for the first principal
factor were:
¿ 0.257 for years of residence in Starr
County;
¿ 0.932 for immigration status;
¿ 0.898 for subject’s birthplace;
¿ 0.874 for father’s birthplace;
¿ 0.838 for mother’s birthplace;
¿ 0.755 for paternal grandfather’s
birthplace;
¿ 0.767 for paternal grandmother’s
birthplace;
¿ 0.746 for maternal grandfather’s
birthplace; and
¿ 0.764 for maternal grandmother’s
birthplace.
For each subject estimated factor scores
were computed. Figure 2 shows a com-
parison of the estimated first principal
factor score with the composite migration
history score, obtained from the simple
averages of the standardized component
scores. This scatter plot (r = 0.995, p <
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Fig. 1. Cumulative distribution function of the
composite migration history score (average
standardized scores of nine migration history
variables), and definition of the three migrati-
on history categories of 390 Mexican American
women by tertiles.
TABLE 2
NON-PARAMETRIC CORRELATIONS (SPEARMAN’S ) AMONG NINE MIGRATION HISTORY
VARIABLES
YRS IMST S-BP F-BP M-BP FF-BP FM-BP MF-BP
IMST 0.292
S-BP 0.311 0.967
F-BP 0.248 0.855 0.796
M-BP 0.212 0.766 0.713 0.645
FF-BP 0.143 0.603 0.559 0.665 0.405
FM-BP 0.188 0.602 0.568 0.653 0.474 0.737
MF-BP 0.203 0.550 0.514 0.464 0.673 0.429 0.456
MF-BP 0.158 0.585 0.548 0.485 0.694 0.423 0.511 0.755
All correlations are significant at 1% level.
YRS = years of residence in Starr County; S-BP = subject’s birthplace; F-BP = father’s birthplace;
M-BP = mother’s birthplace; FF-BP = father’s father’s birthplace; FM-BP = father’s mother’s
birthplace; MF-BP = mother’s father’s birthplace; MM-BP = mother’s mother’s birthplace
0.001) suggests that the simple average
of the standardized component scores is a
valid migration history score, for quanti-
tative as well as categorical analysis. In
fact, tertiles defined based on the first
principal factor classified the women ex-
actly identically in recent, intermediate,
and long-term immigrants, so that for all
practical purposes the first principal fac-
tor and summed standardized scores are
equivalent as the composite migration
history score.
Discussion and Conclusion
Migration history of subjects has been
used in epidemiological research for over
four decades. Buell and Dunn18 studied
relative risks of mortality from cancer of
the stomach, liver, and colon among Jap-
anese men in Japan, Japanese immi-
grants to California, and sons of Japa-
nese immigrants compared with white
men in California (aged 45–64 years) to
conclude that with immigration, men ten-
ded to acquire cancer mortality risks be-
come closer to the host population. While
such data exemplify the importance of
the role of environment in influencing
cancer mortality risks, residual effects of
the country of origin (which were signifi-
cant for the stomach cancer, in particu-
lar) do not rule out the possibility of ge-
netic susceptibility difference, or reten-
tion of some cultural (specially dietary
habits) behaviors of the immigrants even
after a generation of migration. More re-
cently, such effects of immigration had
been studied in terms of the migration-re-
lated adaptation to the culture and
health behaviors of the host country po-
pulation19,20. For this type of epidemiolog-
ical research, it is not enough to group all
immigrants into a single class; inter-indi-
vidual variation of migrants must be
measured in a scale of migration history
scores, and thus, work described in the
present work becomes methodologically
relevant. Since our data refers to the for-
mulation and validation of a composite
migration history score for Mexican-Ame-
rican women, a brief commentary on re-
cent research on immigration/accultura-
tion-related health behavior changes in
Mexican-Americans may exemplify fur-
ther importance of an appropriate defini-
tion of the composite migration history
score developed here.
Immigration/acculturation and its
effects on health behavior changes in
Mexican-Americans
In studying the influence of immigra-
tion on changing health behaviors, immi-
gration is generally conceptualized as
‘acculturation’, the process of change as a
result of contact between cultural
groups21,22. One aspect of acculturation is
cultural assimilation; i.e., the adoption by
minorities of the larger group’s cultural
norms. In epidemiological studies of Mex-
ican-Americans, acculturation has been
measured in terms of one or both of the
two dimensions: 1) language preference
6
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Fig. 2. Scatter plot of composite migration
history score (average standardized scores of
nine migration history variables) and the first
principal factor of the nine variables.
(in reading, radio program listening and
television viewing) and 2) country of an-
cestry (country of birth of subjects, their
parents and grand parents) and length of
residence in the USA17,23. Of these the
Cuellar Acculturation scale23 is more ex-
tensive and perhaps more rigorous. On
the language dimension it constructs a
scale based on 11 language-related items,
such as first language learned; under-
standing of spoken and written English;
language preference with spouse, chil-
dren, grand-children and friends; and
language preference for reading books
and newspapers, watching television and
listening to radio programs, and the like.
Each item is rated from Spanish/Latino
orientation to English/Non-Latino orien-
tation by nominal numeric scores. They
are subsequently standardized individu-
ally (to a mean of zero and a variance of
one).
The other dimension of this accultura-
tion score is based on country of birth of
subjects and their immediate ancestors
(e.g., parents and grandparents) and
years of residency in the USA. Like the
language dimension, these itemized re-
sponses are also individually standard-
ized, and the grand average of all item-
ized transformed scores forms the final
acculturation score. In applying the
Cuellar Acculturation scoring technique
in other studies in Mexican-Americans,
Markides et al.17 and Cantero et al.16 ob-
served that the language acculturation
scale exhibits: 1) a strong positive corre-
lation (r = 0.60) with subject’s generation
of residence in the USA; 2) a somewhat
weaker but significant positive correla-
tion (r = 0.42) with the length of residence
in the US for foreign-born immigrants;
and 3) a negative correlation (r = –0.70)
with the age at migration. However, they
also noted that the detailed Cuellar Ac-
culturation Scale questionnaire, when
administered particularly to the less edu-
cated Mexican American women, leaves
many of the language items unanswered
because of failure of response. Nonethe-
less, Markides et al.17 observed that ac-
culturation scored by language preferen-
ce is highly predictive of health behavior
change, in the sense that with increasing
trend of adaptation to the language of
preference of the larger community, the
health habits become closer to the norm
of the society with which assimilation
occurs24. Thus, the validation results
emerging from these studies imply that
the migration status measured based on
birthplaces of subjects and their immedi-
ate ancestors, and years of residence in
the US may be used as replacement of
language-based acculturation scores. In
turn such migration-history based scores
can also serve the purpose of scaling the
immigrant’s adaptation ability to the
norm of the host population, at least in
reference to health behavior. In other
words, with a longer history of migration
immigrants may be more adapted to the
host population norms for a given age set
and social and economic class.
As mentioned earlier, the language
preference dimension of defining an ac-
culturation scale has several subjective
elements. For example, opportunity of ex-
posure to English, education, socio-eco-
nomic status, etc. affect language prefer-
ence substantially, and hence, accul-
turation scale defined by the language
preference dimension is not totally inde-
pendent of these factors, which may
themselves have their independent (or
moderating/mediating) effects on health
behaviors and disease risks. In contrast,
as shown in this work, a composite migra-
tion history score constructed from the
length of residence, birthplaces of sub-
jects and their close relatives is more ob-
jective and easier to evaluate through the
administration of a simple demographic
questionnaire. They are more reliable
and objective measurements than lan-
guage preference, which depends on the
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opportunity for exposure to a new lan-
guage. Birthplace of subjects and their
family members (parents, grandparents,
etc.) and years of residence in the USA
are directly verifiable and readily avail-
able demographic variables, with respect
to which the exposure to the culture and
environment of the host country can be
assessed. Furthermore, the adequacy of
language preference-based measures of
acculturation has been criticized on the
ground that general illiteracy may also
contribute to language preference pat-
terns, irrespective of the migration his-
tory of Mexican-Americans25. Particular-
ly for Mexican-American middle-aged
and elderly women, Cueller26 estimated
that less than half are not fully literate in
either English or Spanish.
In view of these, we conclude that the
objective method of developing a compos-
ite migration history score based on de-
mographic data on birthplaces of subjects
and their immediate ancestors, along
with the length of residence in the host
country can capture inter-individual vari-
ation of migration history. The composite
migration history score, thus developed,
can be subsequently used along with
other variables (such as family stress,
socio-economic status, health behaviors,
etc.) to investigate whether or not migra-
tion per se affects health outcomes, or the
migration-related health outcomes are
mediated by more direct effects of other
risk factors.
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FORMULACIJA I PROCJENA SLO@ENE VARIJABLE MIGRACIJSKE
POVIJESTI ZA EPIDEMIOLO[KA ISTRA@IVANJA U HISPANO
-AMERI^KIH @ENA
S A @ E T A K
U ovom istra`ivanju razvijena je slo`ena varijabla migracijske povijesti koja uklju-
~uje podatke o mjestu ro|enja ispitanika, njihovih roditelja i djedova te trajanju bora-
vi{ta u SAD-u za 390 hispano-ameri~kih `ena prekomjerne tjelesne te`ine. Slo`ena
varijabla migracijske povijesti provjerena je faktorskom analizom devet-dimenzional-
nih varijabli migracijske povijesti. Va`nost ove metodologije definiranja slo`ene vari-
jable migracijske povijesti za epidemiolo{ka istra`ivanja raspravljena je u kontekstu
ispitivane uloge promjena zdravstveno-relevantnih komponenti pona{anja koje su po-
veze s migracijom te posljedi~ne uloge koju takvo pona{anje ima u riziku zdravstvenih
posljedica migranata.
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